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Abstract 
Food and beverage packaging is increasingly used in hospital food service provision. Previous research 
has identified that the packaging used in New South Wales hospitals can be difficult to open by older 
adults. As older adults experience high rates of malnutrition, it is important to understand the effects of 
packaging on actual consumption of food and fluids. The aim of this study was to explore the impact of 
hospital food and beverage packaging on dietary intakes of 62 independently living older people (65 years 
and over) in a university simulated hospital ward in NSW, Australia. Participants were allocated to either a 
breakfast and snack meal or a lunch and snack meal on two occasions one week apart. Meals were 
served in a shared ward environment and each participant experienced a 'sealed' and 'pre-opened' meal 
and snack condition. The nutritional status of participants was measured using the Mini Nutritional 
Assessment - Short Form (MNA®-SF) and intake was estimated through an aggregated plate waste 
method. Overall findings were not significant for dietary intakes and the 'sealed' versus 'pre-opened' 
conditions. However, for the seven participants classified by the MNA®-SF as 'at risk' of malnutrition, 
packaging impeded intake for breakfast (η2 = −0.34) and the high protein snack (cheese and biscuits) (η2 
= −0.24) meals. This finding has implications for the provision of packaged high protein snacks (cheese 
portions) and breakfast meals for the older inpatient. Further research is required for nutritionally 
compromised and frail older people in the hospital environment to investigate the impact of packaging on 
food and beverage consumption in detail. 
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Unwrapping nutrition: exploring the impact of hospital food and beverage 1 
packaging on plate waste/intake in older people 2 
3 
ABSTRACT 4 
Food and beverage packaging is increasingly used in hospital food service provision. 5 
Previous research has identified that the packaging used in New South Wales 6 
hospitals can be difficult to open by older adults.  As older adults experience high 7 
rates of malnutrition, it is important to understand the effects of packaging on actual 8 
consumption of food and fluids.  The aim of this study was to explore the impact of 9 
hospital food and beverage packaging on dietary intakes of 62 independently living 10 
older people (65 years and over) in a university simulated hospital ward in NSW, 11 
Australia. Participants were allocated to either a breakfast and snack meal or a lunch 12 
and snack meal on two occasions one week apart. Meals were served in a shared 13 
ward environment and each participant experienced a ‘sealed’ and ‘pre-opened’ 14 
meal and snack condition.  The nutritional status of participants was measured using 15 
the Mini Nutritional Assessment - Short Form (MNA®-SF) and intake was estimated 16 
through an aggregated plate waste method.  Overall findings were not significant for 17 
dietary intakes and the ‘sealed’ versus ‘pre-opened’ conditions.  However, for the 18 
seven participants classified by the MNA®-SF as ‘at risk’ of malnutrition, packaging 19 
impeded intake for breakfast (η2 = -.34) and the high protein snack (cheese and 20 
biscuits) (η2 = -.24) meals. This finding has implications for the provision of packaged 21 
high protein snacks (cheese portions) and breakfast meals for the older inpatient. 22 
Further research is required for nutritionally compromised and frail older people in 23 
the hospital environment to investigate the impact of packaging on food and 24 
beverage consumption in detail. 25 
26 





Malnutrition in older adults is well known with prevalence rates in the community at 32 
8-10% and rates of 40-60% in hospitals (Kelly 2000, Brantervik 2005, Norman 2008,33 
Barker 2011, Pereira 2015).  Malnourished older inpatients have longer lengths of34 
2 
stay, increased risk of complications and an increased risk of mortality (Chima 1997, 35 
Correia and Waitzberg 2003, Hiesmayr 2009).  Supporting these nutritionally 36 
compromised older adults presents a challenge to food service systems within 37 
hospitals where there are cost pressures and increasing numbers of patients 38 
(Garling 2008).  An effective and efficient food service should deliver both good 39 
value for the hospital and high quality nutrition to the inpatient with minimal waste. 40 
Plate waste in hospitals is found to vary between 6-65% with a median of 30% 41 
(Williams 2011); and malnutrition rates have historically remained relatively 42 
unchanged (Beck 2001, Holyday 2012).  In an effort to provide cost effective nutrition 43 
to patients, many hospitals are now outsourcing food service so that it becomes a 44 
hospitality function rather than a core component of care (Davis 1999, Mibey 2002). 45 
This has led to the use of single-serve pre-packed food and beverages as the default 46 
method of nutrition provision (Garling 2008).  The impact of this increasing use of 47 
packed food and beverage products in hospital food service on food waste, dietary 48 
intakes and malnutrition is unknown (Bell 2015).   49 
50 
A number of researchers have identified an inability to access this food and 51 
beverage packaging as a contributing factor for malnutrition in hospitals amongst 52 
older and or disabled people (Schenker 2003, Walton 2006, Manning, Harris et al. 53 
2012, Walton 2012). Within this context of packed food service, the challenge is 54 
encouraging dietary intakes in older adults, who have lower appetites and are less 55 
able to discern taste and smell (Teo 2001, Nohra 2015).  A number of strategies 56 
have been found to assist, including serving smaller, energy dense portions and high 57 
protein snacks, such as cheese (Gall 1998, Barton 2000, Kondrup 2002); having 58 
protected meal times and using smaller serving sizes (Walton 2012).  The difficulties 59 
that packaging can pose to patients has been recognised by NSW Health, a state 60 
government health authority, which was involved in the development of an 61 
Accessibility Benchmarking Scale for use in tender specifications (HealthShare NSW 62 
Arthritis Australia 2012).  Food products must meet an acceptable standard of 63 
accessibility to be used by the hospital food service. 64 
65 
In a recent hospital study we demonstrated a reduced ability to open food and 66 
beverage packaging by older patients, with 40% reporting difficulty opening both 67 
water bottles and tetra paks®(Bell 2013).  Subsequent observational laboratory 68 
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studies with well, independently living older people (Bell 2016 a) have demonstrated 69 
that lying in a hospital bed significantly decreases the older person’s pinch grip 70 
strength and macro-dexterity; both required for efficient pack opening. The aim of 71 
this study is to extend the previous research and determine the impact of packaging 72 





The participants in this study were well older adults living in the Illawarra region of 78 
NSW, Australia.  A non-probability convenience sample was recruited via newspaper 79 
advertisement, flyers distributed to local aged care providers, General Practice (GP) 80 
locations and seniors’ organisations, as well as an email invitation to the university 81 
community and volunteers of the Medical School. Inclusion criteria included being 65 82 
years or older, well (no self-reported limb weakness or cognitive impairment) and 83 
living independently in the community.  Participants were excluded if they ate a 84 
special diet (diabetic; lactose free; low fat; soft; pureed), had a visual deficit not 85 
corrected with glasses, had self-reported severe arthritis, a history of 86 
Cerebrovascular Accident (CVA) or a diagnosis of dementia. Well independently 87 
living older adults were chosen for this study as recruiting older hospital inpatients 88 
was deemed impractical due to fluctuating medical conditions and availability.   89 
 90 
Participants registered their interest in the study via email or telephone and were 91 
sent an information pack. A telephone interview was conducted with tacit approval 92 
obtained to gather relevant information to screen for suitability.  The pre-screen 93 
questionnaire included (i) baseline demographic data and questions about menu 94 
choices (based on food served in NSW public hospitals at the time); (ii) normal 95 
appetite and diet questions (special diets, food intolerances were excluded); and (iii) 96 
transport arrangements.   97 
 98 
Participants were required to attend the university on 2 occasions, one week apart, 99 
forgo their normal breakfast or lunch meal and remain for 3 hours, so that there was 100 
at least a two and half hour time gap between the meal and the snack.  Breakfast 101 
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was served at 8am, 8.30am and 9am, depending on participant preference.  102 
Participants fasted prior to attending breakfast meals.  Lunch was served at midday, 103 
12.30pm and 1pm, again depending on participant preference.  Participants were 104 
asked to eat only a light breakfast prior to attending the study for the lunch meal.  105 
 106 
Meals were consumed in a hospital bed in a simulated shared ward hospital 107 
environment.  A biostatistician advised that the design investigating the effect of 108 
packed food service on intake required a sample size of 60 people to be adequately 109 
powered (p < 0.05 and 80%).    Participants were randomly allocated to condition (a) 110 
‘pre-opened’ or  (b) ‘sealed’ and sample was evenly split to ensure participants were 111 
their own controls (if packaged meal pre-opened on occasion 1, the same meal will 112 
be sealed on occasion 2 for the individual participant or vice versa).  Meals were 113 
consistent across the two occasions; that is, if the participant attended breakfast on 114 
occasion 1, they also attended breakfast on occasion 2. 115 
 116 
Research Setting 117 
The research was conducted in a university simulated hospital ward in NSW, 118 
Australia.  The facility consisted of 2 by 3 bed shared ward suites and interview 119 
rooms. In-situ video recording devices were at each end of the bed with a secondary 120 
camera on a tripod positioned to capture the food tray.  Beds were coded for ‘pre-121 
opened’ condition (a) and ‘sealed’ condition (b) and arranged so that adjacent 122 
participants were experiencing different test conditions. Figure 2 shows the room set-123 
up.  Ethics approval for the study was obtained from the University of Wollongong 124 





Figure 2.  Simulated hospital shared ward with in-situ cameras and colour coding on 129 
beds 130 
131 
Bed Posture 132 
Bed angle and bed table height were standardised for the study. The distance 133 
between the mattress and top of bedside table was 27cm to enable leg clearance 134 
and reasonable eating height.  The bed angle was set at 60% - a ‘modified’ Fowler’s 135 
bed position (Metzler 1996) with one standard hospital pillow. Participants were 136 
instructed not to change the bed angle or tray table height; they were able to move 137 
the tray table closer or further away from themselves for eating comfort.  In this way, 138 
participants were given the optimum posture for eating in bed.   139 
140 
Food items 141 
A range of regularly used single-serve hospital food and beverage items were 142 
sourced from a local hospital and served for breakfast and snack, or lunch and 143 
snack.  The exception was the sandwiches, which were prepared fresh in the 144 
teaching kitchen adjacent to the simulated hospital ward and the individual boxed 145 
cereal (with internal plastic bag), which was purchased separately.  As such, with the 146 
exception of the boxed cereal, all products had been accepted by NSW Health as 147 
appropriate for patients to open independently. Breakfast consisted of orange juice, 148 
fruit cup (fruit pieces in syrup), individual cereal box, 150ml milk bottle (screw-cap), 149 
bread in unsealed plastic bag, margarine serve, condiment (jam or vegemite®), 150 
6 
coffee sachet, tea bag, cup hot water for tea/coffee, sugar serve, milk portion for 151 
tea/coffee. Figure 3 outlines the packaged items.  It should be noted that cereal 152 
boxes are no longer routinely used in NSW public hospitals, however they were used 153 
to provide consistency with two previous studies by the author.  154 
155 
The study timing meant that the hospital sandwiches would not have been fresh 156 
when needed, and thus they were prepared using typical ingredients on the study 157 
days. Breakfast, lunch and snack meals were chosen to reduce participant burden, 158 
as an evening meal would have created a large participant burden to attend the 159 
university at night. Lunch consisted of a sandwich in plastic triangle pack, individual 160 
dessert custard, fruit cup (processed fruit pieces in syrup) and flavoured milk in an 161 
individual tetra pak®. Figure 4 shows the lunch items.  The snack provided to all 162 
participants was a single serve plastic flow-wrapped cheese portion, individual serve 163 
plastic flow-wrapped savoury biscuits and health service plastic 600ml bottled water 164 
as seen in Figure 5.  NSW Health plastic cutlery was provided for the meals for 165 
consistency with hospital food service.   166 
167 
These food items are commonly used in local hospitals and in the community.  Food 168 
and beverage packs were opened by research assistants at the bedside for 169 
participants on the ‘pre-opened’ protocol. The products were opened in front of the 170 
participant to allay any fears of food safety.  The research assistants did not discuss 171 
the opening process with the participant. Examples of food trays and the common 172 
NSW hospital food items provided to the participants for each meal/snack are shown 173 













Figure 5.  Snack tray 186 
187 
8 
Nutritional Assessment 188 
The validated Mini Nutritional Assessment-Short Form (MNA®-SF) (Guigoz 2006) for 189 
people over 65 years was used by a dietitian to establish the nutritional status of 190 
each participant.  This form was selected as it is a valid and reliable tool suitable for 191 
use with well independently living older adults as it has high sensitivity and specificity 192 
(Phillips 2010).  It consists of 6 scored items distilled from the 18 items in the full 193 
MNA® (Rubenstein 2001, Kaiser 2009).  A score of 0-7 indicates malnutrition, 8-11 194 
‘at risk’ of malnutrition and a score of 12-14 indicating normal nutritional status.  The 195 
form was administered by dietitians experienced in its use at the participant’s first 196 
visit to the simulated hospital ward.  Weights (kg) and heights (m) were also 197 
measured using portable SECA scales (SECA 874 +/- 100g) and stadiometer (SECA 198 
217 1mm graduation) in order to determine the participant’s Body Mass Index (BMI).  199 
200 
Questionnaires 201 
Assessment of usual food intake and appetite 202 
An appetite and dietary intake questionnaire was conducted before meals with each 203 
participant on each research day to capture other influences on intakes. This self-204 
report data was used to determine any changes in participant appetite and health 205 
between the two occasions.  Participants were asked when they last ate or drank; 206 
how they rated their appetite that day (‘about normal’, ‘better than normal’, ‘worse 207 
than normal’); and how they rated their general health (‘excellent’, ‘very good’, 208 
‘good’, ‘fair’, ‘poor’). Participants were also asked to rate the quality and quantity of 209 
food provided on the study days (‘excellent’, ‘very good’, ‘good’, ‘fair’, ‘poor’). 210 
211 
Packaging assessment 212 
After participants had completed their condition (b) sealed packaging, researchers 213 
administered  a packaging assessment questionnaire. Participants were asked if 214 
they required reading glasses to open packaging and if their vision affected their 215 
ability to open packaging.    Participants were then asked to rate the ease of opening 216 
of the packaged food and beverage items in the study using a 4-point scale:  Ratings 217 
were ‘easy’, ‘some difficulty’, ‘difficult’, ‘impossible’.  This pack rating scoring system 218 
has been used in previous studies by the author (Bell 2013, Bell 2016 a, Bell 2016 b, 219 
Bell 2017). 220 
221 
9 
Video data 222 
The video data was used to calculate both the time taken and the number of 223 
attempts to open the packs. Previous research by the authors (Bell 2013, Bell 2016 224 
b) had established criteria for this analysis and experienced researchers reviewed225 
the video data.226 
227 
Plate waste/Intake 228 
A sample of each item served at each meal was weighed prior to the testing day 229 
using a single set of electronic scales (CAS Smart Weighing Scale SW-1; accurate 230 
to ±1g), in order to determine baseline weights for later comparison.  On the 231 
research days, the individual trays were photographed pre and post-delivery to the 232 
‘hospital ward’. The plate waste from each tray , including beverages, was weighed 233 
and recorded after the meal was consumed using an ‘aggregated plate 234 
waste’(Williams 2011) approach. We have used the difference  between the 235 
standard weights and post-delivery weight to determine intake, adapting the method 236 
used by  other food waste researchers (Barton 2000). 237 
238 
Data analysis 239 
Data for all phases were analysed using the Statistical Package for the Social 240 
Sciences SPSS V24 (IBM. 2012). Descriptive statistics were developed for data from 241 
questionnaires and sealed mealtime recordings. Pearson’s correlation coefficient 242 
was used to explore potential relationships between time taken to open the 243 
packages and dietary intake.  Paired samples t-tests were used to compare the 244 
differences in food and beverage intake between meals with different pack 245 
conditions.  The effect of condition (a) pack open or (b) pack sealed within each 246 
MNA®-SF status group was determined using the eta squared statistic due to low 247 
participant numbers.  Cohen (Pallant 2005) states that an eta squared value of 0.01 248 
is a small effect; 0.06 a moderate effect; and 0.14 a large effect. 249 
250 
251 
RESULTS  252 
Participants 253 
Sixty-two participants aged between 66 and 87 years, with a mean age of 73.9 years 254 
(SD ±4.9) completed the full protocol of the study; 45 females with a mean age of 255 
10 
73.6 years (SD ±4.6) and 19 males with a mean age of 74.6 years (SD ±5.5).  Sixty 256 
three participants completed the nutritional screening component, 44 females and 19 257 
males.  Three percent of participants had a BMI < 21kg/m2, while 84% had a BMI > 258 
23kg/m2.  Results for MNA®-SF status and intake are reported on 62 participants 259 
with 7 participants in this full protocol group found to be in the ‘at risk of malnutrition’ 260 
on the MNA®-SF assessment, representing 14% (n = 6) of female participants (aged 261 
between 72 and 85 years) and 5% (n = 1) of male participants (aged 76 years). 262 
263 
Nearly all participants (n = 60; 94%) were right hand dominant and most (n = 56; 264 
88%) reported needing to wear glasses to open packaging. The majority of 265 
participants   266 
(n = 59; 92%) ate three meals per day and reported their appetite as ‘good’ to ‘very 267 
good’ (n = 61; 95%).   Most people (n = 52; 83%) reported their health as ‘good’ to 268 
‘excellent’.  A small proportion were found to be malnourished (n = 7; 11%). These 269 
participants rated their appetite as ‘poor’ (n = 3), ‘good’ (n = 3) and ‘very good’ (n = 270 
1); and their health as ‘fair’ (n = 2), ‘good’ (n = 4) and ‘very good’ (n= 1).  As appetite 271 
on the testing days may have influenced intake, participants were asked to rate their 272 
appetite at each visit.  Results are presented in Table 1 for the appetite responses 273 
for each category of MNA®-SF. 274 
275 
276 
Table 1.  Subject’s appetite differences between visit 1 and 2 per nutritional status 277 
MNA®-SF status 
Appetite 













Normal nutritional status 53 53 2 0 1 2 
At risk of malnutrition 7 6 0 0 0 1 
Total 60 59 2 0 1 3 
278 
Questionnaires 279 
Participants were asked when they last ate or drank prior to attending each of the 280 
study days.  Lapsed hours were M = 11.3 (SD ±4.1)hrs and M = 9.7 (SD ±4.7)hrs for 281 
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breakfast + snack, Visit 1 and 2; M = 3.8 (SD ±1.3)hrs and M = 3.5 (SD ±1.4)hrs for 282 
lunch + snack, Visit 1 and 2.  283 
Participants were also asked to rate the quality and quantity of the food they were 284 
given for their meals.  The lunch + snack meal was rated as better for both quality 285 
and quantity than the breakfast + snack meal with 67 % (n = 22) rating lunch + snack 286 
as ‘very good to excellent’ for both quality and quantity compared to 37% (n =11) of 287 
breakfast + snack participants on both these factors.  288 
 289 
Food Packaging 290 
Four pack types had greater than a mean of 5 opening attempts; the cheese portion, 291 
the biscuit portion, the water bottle and the tetra pak®. Three people could not open 292 
the water bottle or the biscuit portion at all. The cheese portion had the longest 293 
opening time among the packs, with a maximum time of almost 5 minutes (M = 45s); 294 
it also had the most number of attempts with a maximum of 46 (M = 5).  The biscuit 295 
portion had a maximum of 32 attempts to open (M = 6), with a maximum of 3 296 
minutes (M = 30s).  The water bottle had a maximum of 20 attempts at opening (M = 297 
7); while taking a maximum of 1 minute (M = 15s).  The flavoured milk tetra pak® had 298 
a maximum time of 1.1 minutes (M = 36s); as well as a maximum of 13 attempts to 299 
remove the straw from the side of the pack (M = 6). Items with a mean number of 300 
attempts greater than 2.5 also include the fruit cup (M = 4) the milk portion (M = 3) 301 
and the milk 150ml (M = 3).  302 
Table 2 reports the ease of opening ratings by the participants.  The water bottle, 303 
cheese portion, biscuit portion, fruit cup and tetra pak® rated the most poorly of the 304 
packs; followed by the 150ml milk and boxed cereal.  305 
 306 
Table 2.  Ease of opening ratings for food and beverage products; most difficult items 307 
highlighted. 308 
 309 








Juice cup 29 72 28 0 0 
Milk 150ml 31 90 3 7 0 
Box cereal 31 77 16 7 0 
Milk portion 29 83 17 0 0 
12 
Coffee sachet 31 97 3 0 0 
Sugar sachet 29 97 3 0 0 
Bread 30 100 0 0 0 
Margarine portion 30 97 3 0 0 
Vegemite® portion 29 97 0 3 0 
Condiment 28 100 0 0 0 
Water bottle 63 76 10 10 4 
Cheese portion 63 65 22 11 2 
Biscuit portion 59 61 29 5 5 
Fruit Cup 60 62 32 5 1 
Tetra pak® 31 61 29 10 0 
S'wich Triangle 32 100 0 0 0 
Custard 32 88 12 0 0 
310 
Dietary Intake 311 
There were no significant differences in intakes between the two conditions for any 312 
of the meals. The intake for breakfast sealed (M = 488.4g, SD = 171.1g) and intake 313 
for breakfast open [M = 458.9g, SD  =160.6g, t(29)= 1.14, p = .265]; the intake for 314 
snack sealed (M = 282.1g, SD =  139.2g) and intake for snack open [M = 299.4g, SD 315 
= 143.3g, t(61)= -.82, p = .415]; and the intake for lunch sealed (M = 478.0g, SD = 316 
172.4g) and intake for lunch open [M = 485.1g, SD = 167.5, t(31)= -.20,  p= .843]. 317 
There were no significant differences between gender for total intake with the 318 
different pack conditions, pre-opened and sealed. About a third (n = 21; 33%) of 319 
participants lived alone and no relationship was found between living alone and 320 
dietary intake. 321 
322 
No significant differences overall were found between the pre-opened and sealed 323 
conditions for intake and MNA®-SF status. The mean intake of each group is shown 324 
in Table 3, with differences in intake in grams and percentage of mean ‘normal’ 325 
intake.  The ‘at risk of malnutrition’ participants ate less at each meal and in each 326 
condition, with the exception of breakfast in the pre-opened condition, where they ate 327 
14% more than the nourished nutrition group.  The ‘at risk’ participants ate 30% less 328 
of the sealed snack than the nourished nutrition group, compared to 5% less in the 329 
opened snack condition, as measured by plate waste. 330 
331 
13 
Effect size was determined to further explore the differences in intake between the 332 
‘at risk’ of malnutrition and other participants for the breakfast and snack meals. The 333 
sealed packaging condition had a large negative effect on intake for both breakfast 334 
and the snack meals.  Breakfast [M = -44.25, SD = 71.55; t(3)= -1.237, p = .304] with 335 
the eta squared statistic (-.34); and snack [M = -82.43, SD = 157.90; t(6)= -1.381, p = 336 
.216] with eta squared statistic (-.24).  337 
338 
Table 3.  Differences in intake (gm) for the MNA®-SF groups for each meal and each 339 
condition  340 











Nourished 26 491.5 177.6 
-23.3 -5
‘At risk’ 4 468.3 139.5 
B’fast pre-opened 
Nourished 26 447.9 153.5 
+64.7 +14
‘At risk’ 4 512.5 104.4 
Snack sealed 
Nourished 55 299.7 144.1 
-89.8 -30
‘At risk’ 7 209.9 133.4 
Snack pre-opened 
Nourished 56 307.1 142.1 
-14.8 -5
‘At risk’ 7 292.3 150.9 
Lunch sealed 
Nourished 29 480.7 175.5 
-28.0 -6
‘At risk’ 3 452.7 169.0 
Lunch pre-opened 
Nourished 30 495.9 152.4 
-68.5 -14




In a previous study, we found that at least 40% of older patients had difficulty 344 
opening the food and beverage packs used in their hospital meal service delivery 345 
(Bell 2013).  Further laboratory studies have found that well, community dwelling 346 
older people have similar issues with the packaging served in NSW hospitals (Bell 347 
2016 b).  Here we have extended that previous research and found that packaging 348 
impedes consumption of high protein snacks in older adults ‘at risk of malnutrition’ in 349 
our exploratory study of well, community dwelling older adults.    350 
351 
14 
These results add strength to our previous research in both hospital and community 352 
settings, that older people may find cheese portions, biscuit portions, water bottles, 353 
tetra paks®, fruit cups, milk portions and 150ml milk bottles the most difficult packs to 354 
open. This research further exposed the problem in terms of time taken, number of 355 
attempts to open and ratings of ‘openability’. The participants in this study were 356 
independently functioning older adults living in the community, motivated and 357 
committed to the research, yet they found some of the packaging difficult to open 358 
and three people were unable to open the water bottle or biscuit pack at all.   359 
Seven participants (11%) who completed the 2 day protocol were found to be ‘at risk’ 360 
of malnutrition.  While this is consistent with the estimate of 10% of community living 361 
adults by BAPEN (BAPEN 2006), it was unexpected as the study had a high 362 
participant burden.  Participants were required to make their own way to the facility 363 
at identical times a week apart and eat identical meals, staying at the university for 364 
approximately 3 hours on each occasion.   365 
366 
In view of this high level of participant commitment, it is not surprising that no 367 
significant differences were found in intakes between the two breakfast and lunch 368 
meals for the sealed and pre-opened packaging conditions.  However, the sealed 369 
pack condition had a large negative effect on the dietary intake of the ‘at risk’ of 370 
malnutrition group for both breakfast and the snack meals.  The higher food intake 371 
for breakfast in the pre-opened condition suggests that breakfast would be a good 372 
meal for encouraging intakes in people ‘at risk’ of malnutrition.   373 
374 
Energy dense snacks such as cheese portions are an important source of protein for 375 
older people, and have been used to encourage intake in malnourished older adults 376 
and those at risk of malnourishment (Barton 2000, Walton 2012).  However, we 377 
found that the packaging of this important item inhibited consumption in the ‘at risk of 378 
malnutrition’ group.  Additionally, the tetra pak®, often used to serve high protein, 379 
high energy supplements to malnourished older adults presented difficulties for some 380 
of the participants, who took a maximum of 13 attempts to remove the straw from the 381 
side of the pack.   382 
383 
15 
There are a number of limitations to this study.  The participants are self-selected 384 
and may not be representative of the wider older adult community.  The shared ward 385 
environment may have encouraged competition between participants, and it was 386 
observed that a number of participants gave verbal ‘clues’ on opening packages to 387 
their neighbours.  Errors could have been made in measuring the plate waste in that 388 
slight spillage could have occurred transporting meals to and from the test kitchen; 389 
and participants elected not to open and eat a number of items (as reflected in the 390 
data shown in Table 2).  As the water bottle was a large component of the snack 391 
meal, differences in consumption over the two conditions could have adversely 392 
affected the intake calculation, with participants being inconsistent in their drinking 393 
between visits.  The simulated hospital ward, however, was air-conditioned and the 394 
study took place on two consecutive weeks in May, with mild ambient temperatures.   395 
396 
This study was conducted in a laboratory setting to simulate a hospital and the 397 
results may or may not be transferrable to a hospital setting. Additionally, the 398 
sampling technique was purposive and judgemental in its approach in order to obtain 399 
well, community dwelling adults who would be willing to travel and attend the 400 
research.  In fact, it is our contention that due to the high participant burden, the 401 
participants in this study were more likely to present the ‘best case scenario’ for both 402 
pack opening ability and food intake and consequently the plate waste/intake and 403 
openability issues found with these participants would be heightened in a hospital 404 
inpatient population.  405 
406 
The results do suggest that there may be an issue with packaging and subsequent 407 
food intake amongst people who are ‘at risk’ or ‘malnourished’.  This study should be 408 
replicated on a larger scale within a hospital or care setting to further investigate the 409 
impact of packaging on intake in vulnerable and unwell older people, with separate 410 
detailed dietary intake calculations for food (protein and carbohydrate) and 411 
beverages.  Further studies with community dwelling older adults are also indicated. 412 
Packaged food and beverages are everyday items, regularly purchased and used by 413 
older consumers.  Information from these consumers on pack preferences and 414 
reasons why some packs are avoided would be useful for designers and 415 
manufacturers of food and beverage packaging and for organisations purchasing 416 





This study is unique in investigating the impact of food and beverage packaging on 421 
the plate waste/intake of older adults.  The impetus for this investigation is four fold. 422 
Firstly, as the population ages, older people will become the majority of hospital 423 
inpatients.  Secondly, food and beverage packaging is increasingly the default 424 
method of food service provision, at least in the context of our research (NSW public 425 
hospitals). Thirdly, our previous research has shown that food and beverage 426 
packaging in hospital can be problematic for older people (Bell 2013, Bell 2016 a, 427 
Bell 2016 b).  Fourthly, exploring the impact of packed food service on dietary 428 
intakes is a critical issue given that malnutrition in hospital is an established and an 429 
unfortunate reality (Kelly 2000, Brantervik 2005, Norman 2008, Barker 2011, Pereira 430 
2015).   431 
432 
While this exploratory research with well older people found no overall relationship 433 
between packaging and dietary intake, we did find that for the 11% of participants ‘at 434 
risk’ of malnutrition, packaging did indeed impede their dietary intake for breakfast 435 
and snack meals.  While the low subject numbers are insufficient to establish 436 
statistical significance, and the snack meal intake calculations include both food and 437 
beverages, the findings illustrate the potential pitfalls of a hospital packed food 438 
service in supporting the recovery of older people who are already nutritionally 439 
compromised, and highlight the need for detailed studies in this area.    440 
441 
Further research is needed to explore the impact of food and beverage packaging on 442 
dietary intakes in a hospitalised population, where many patients are ‘at risk’ of 443 
malnutrition or are indeed malnourished.  While food service is unfortunately 444 
considered a hospitality function and not a key part of ‘clinical care’, further 445 
examination of the true costs and benefits of such a service needs to be determined 446 
by considering system/patient outcomes such as length of stay and readmission 447 





We acknowledge and thank the participants in this study.  Thank you to the student 451 
dietitians involved in data collection and to Jacqueline Chevis, Occupational 452 
Therapist/Hand Therapist for her contribution.  Thank you to Global Challenges, 453 
UOW for funding this research. 454 
 455 
 456 
Funding:  This research was supported by Global Challenges Strategic Funding, 457 
University of Wollongong (Living Well Longer Theme, 2015) 458 
REFERENCES 459 
BAPEN (2006). Malnutrition among Older People in the Community: Policy Recommendations for 460 
Change. London, BAPEN, the European Nutrition for Health Alliance, International Longevity Centre, 461 
Associate Parliamentary Food and Health Forum. 462 
 463 
Barker, L. A., Gout, B. S., Crowe, T. C. (2011). "Hospital malnutrition: Prevalence, identification and 464 
impact on patients and the healthcare system." International Journal of Environmental Research and 465 
Public Health 8(2): 514-527. 466 
 467 
Barton, A. D., Beigg, C. L., Macdonald, I. A., Allison, S. P. (2000). "High food wastage and low 468 
nutritional intakes in hospital patients." Clinical nutrition (Edinburgh, Scotland) 19(6): 445-449. 469 
 470 
Barton, A. D., Beigg, C. L., Macdonald, I. A., et al., (2000). "A recipe for improving food intakes in 471 
elderly hospitalized patients." Clin Nutr 19(6): 451-454. 472 
 473 
Beck, A. M., Balkn, U. N., FÜRst, P., Hasunen, K., Jones, L., Keller, U., Melchior, J. C., Mikkelsen, B. E., 474 
Schauder, P., Sivonen, L., Zinck, O., ØIen, H., Ovesen, L. (2001). "Food and nutritional care in 475 
hospitals: how to prevent undernutrition–report and guidelines from the Council of Europe." Clinical 476 
nutrition (Edinburgh, Scotland) 20(5): 455-460. 477 
 478 
Bell, A. F. (2015). Open sesame: exploring the 'openability' of hospital food and beverage packaging 479 
for the over 65s. Doctor of Philosophy Thesis, University of Wollongong. 480 
 481 
Bell, A. F. (2016 a). "Accessing hospital packaged foods and beverages: the importance of a seated 482 
posture when eating." Journal of Human Nutrition and Dietetics. 483 
 484 
Bell, A. F., Walton, K. L., Tapsell, L. C. (2016 b). "Easy to open? Exploring the ‘openability’ of hospital 485 
food and beverage packaging by older adults." Appetite 98: 125-132. 486 
 487 
Bell, A. F., Walton, K., Chevis, J. S., et al. (2013). "Accessing packaged food and beverages in hospital. 488 
Exploring experiences of patients and staff." Appetite 60: 231-238. 489 
 490 
Bell, A. F., Walton, K., Yoxall, A. (2017). "Measure for Measure: Pack Performance versus Human 491 
Dexterity and Grip Strength." Packaging Technology and Science 30(4): 117-126. 492 
 493 
Brantervik, Å. M., Jacobsson, I. E., Grimby, A., Wallén, T. C. E., Bosaeus, I. G. (2005). "Older 494 
hospitalised patients at risk of malnutrition: correlation with quality of life, aid from the social 495 




Chima, C. S., Barco, K., Dewitt, M. L. A., Maeda, M., Teran, J. C., Mullen, K. D. (1997). "Relationship of 498 
nutritional status to length of stay, hospital costs, and discharge status of patients hospitalized in the 499 
medicine service." American Dietetic Association. Journal of the American Dietetic Association 97(9): 500 
975-978. 501 
 502 
Correia, M. I. T. and D. L. Waitzberg (2003). "The impact of malnutrition on morbidity, mortality, 503 
length of hospital stay and costs evaluated through a multivariate model analysis." Clinical nutrition 504 
22(3): 235-239. 505 
 506 
Davis, A. M., Bristow, A. (1999). Managing nutrition in hospital: a recipe for quality, Nuffield Trust. 507 
Gall, M. J., Grimble, G. K., Reeve, N. J., Thomas, S. J. (1998). "Effect of providing fortified meals and 508 
between-meal snacks on energy and protein intake of hospital patients." Clin Nutr 17(6): 259-264. 509 
Garling, P. (2008). Final Report Special Commission of Enquiry Acute Care Services in NSW Public 510 
Hospitals: Overview. Sydney, NSW Government. 511 
 512 
Garling, P. (2008). The Report of the Special Commission of Inquiry into Acute Care Services in NSW 513 
Public Hospitals: Volume 1. Sydney, NSW Government. 514 
 515 
Guigoz, Y. (2006). "THE MINI NUTRITIONAL ASSESSMENT (MNA®) REVIEW OF THE LITERATURE - 516 
WHAT DOES IT TELL US?/DISCUSSION." The Journal of Nutrition, Health & Aging 10(6): 466-485. 517 
HealthShare NSW Arthritis Australia (2012). Food Packaging Design & Accessibility Guidelines., 518 
Arthritis Australia Accessibility Design Centre 519 
Hiesmayr, M., Schindler, K., Pernicka, E., Schuh, C., Schoeniger-Hekele, A., Bauer, P., Laviano, A., 520 
Lovell, A. D., Mouhieddine, M., Schuetz, T., Schneider, S. M., Singer, P., Pichard, C., Howard, P., 521 
Jonkers, C., Grecu, I., Ljungqvist, O. (2009). "Decreased food intake is a risk factor for mortality in 522 
hospitalised patients: The NutritionDay survey 2006." Clinical Nutrition 28(5): 484-491. 523 
 524 
Holyday, M., Daniells, S., Bare, M., Caplan, G. A., Petocz, P., Bolin, T. (2012). "Malnutrition screening 525 
and early nutrition intervention in hospitalised patients in acute aged care: A randomised controlled 526 
trial." The Journal of Nutrition, Health & Aging 16(6): 562-568. 527 
 528 
IBM. (2012). SPSS Version 24 for Windows. Chicago, IL., SPSS Inc. 529 
 530 
Kaiser, M. J., Bauer, J. M., Ramsch, C., Uter, W., Guigoz, Y., Cederholm, T., Thomas, D. R., Anthony, 531 
P., Charlton, K. E., Maggio, M., Tsai, A. C., Grathwohl, D., Vellas, B., Sieber, C. C. (2009). "Validation of 532 
the Mini Nutritional Assessment short-form (MNA®-SF): A practical tool for identification of 533 
nutritional status." JNHA - The Journal of Nutrition, Health and Aging 13(9): 782-788. 534 
 535 
Kelly, I. E., Tessier, S., Cahill, A., Morris, S.E., Crumley, A., McLaughlin, D., McKee, R.F., Lean, M.E.J. 536 
(2000). "Still hungry in hospital: identifying malnutrition in acute hospital admissions." QJM : 537 
monthly journal of the Association of Physicians 93(2): 93-98. 538 
 539 
Kondrup, J., Johansen, N., Plum, L. M., Bak, L., Larsen, I. HØJlund, Martinsen, A. Andersen, J. R. 540 
BÆRnthsen, H. Bunch, E., Lauesen, N. (2002). "Incidence of nutritional risk and causes of inadequate 541 
nutritional care in hospitals." Clinical Nutrition 21(6): 461-468. 542 
 543 
Manning, F., K. Harris, R. Duncan, K. Walton, J. Bracks, L. Larby, L. Vari, K. Jukkola, J. Bell, M. Chan 544 
and M. Batterham (2012). "Additional feeding assistance improves the energy and protein intakes of 545 
hospitalised elderly patients. A health services evaluation." Appetite 59(2): 471-477. 546 
 547 
Metzler, D. J., Harr, J. (1996). "Positioning your patient properly." Am J Nurs 96(3): 33-37. 548 
19 
549 
Mibey, R., Williams, P. (2002). "Food services trends in New South Wales hospitals, 1993–2001." 550 
Food Service Technology 2(2): 95-103. 551 
552 
Nohra, E., Bochicchio, G. V. (2015). "Management of the gastrointestinal tract and nutrition in the 553 
geriatric surgical patient." Surgical Clinics of North America 95(1): 85-101. 554 
555 
Norman, K., Pichard, C., Lochs, H., Pirlich, M. (2008). "Prognostic impact of disease-related 556 
malnutrition." Clinical Nutrition 27(1): 5-15. 557 
558 
Pallant, J. (2005). SPSS Survival Manual, p. 224-5. Crows Nest: Australia, Allen & Unwin. 559 
Pereira, G. F., Bulik, C. M., Weaver, M. A., Holland, W. C., Platts-Mills, T. F. (2015). "Malnutrition 560 
Among Cognitively Intact, Noncritically Ill Older Adults in the Emergency Department." Annals of 561 
Emergency Medicine 65(1): 85-91. 562 
563 
Phillips, M. B. (2010). "Nutritional screening in community-dwelling older adults: a systematic 564 
literature review." Asia Pacific journal of clinical nutrition 19(3): 440. 565 
566 
Rubenstein, L. Z., Harker, J. O., Salvà, A., Guigoz, Y., Vellas, B. (2001). "Screening for Undernutrition 567 
in Geriatric Practice: Developing the Short-Form Mini-Nutritional Assessment (MNA-SF)." The 568 
Journals of Gerontology Series A: Biological Sciences and Medical Sciences 56(6): 366-372. 569 
570 
Schenker, S. (2003). "Undernutrition in the UK." Nutrition Bulletin 28(1): 87-120. 571 
572 
Teo, Y. K., Wynne, H. A. (2001). "Malnutrition of the elderly patient in hospital: risk factors, detection 573 
and management." Rev Clin Geron 11(3): 229-236. 574 
575 
Walton, K. (2012). "Improving opportunities for food service and dietetics practice in hospitals and 576 
residential aged care facilities." Nutrition and Dietetics 69(3): 222-225. 577 
578 
Walton, K., Williams, P., Tapsell, L. (2006). "What do stakeholders consider the key issues affecting 579 
the quality of foodservice provision for long-stay patients?" Journal of Foodservice 17(5-6): 212-225. 580 
581 
Walton, K., Williams, P., Tapsell, L. (2012). "Improving food services for elderly, long-stay patients in 582 
Australian hospitals: Adding food fortification, assistance with packaging and feeding assistance." 583 
Nutrition and Dietetics 69(2): 137-144. 584 
585 
Williams, P., Walton, K. (2011). "Plate waste in hospitals and strategies for change." e-SPEN, the 586 
European e-Journal of Clinical Nutrition and Metabolism 6(6): e235-e241. 587 
588 
589 
